A total of 116 strains of Rhodococcus (formerly Gordona) recently isolated from sputa of patients with pulmonary disease were submitted to numerical classification together with 61 reference strains belonging to the genera Rhodococcus, Nocardia, and Mycobacterium. The numerical classification was carried out by two methods, one using 109 characters and another using 98 characters. Almost similar results were obtained by these two methods, and the following clusters were distinguished: (i) Rhodococcus bronchialis (synonym: Gordona bronchialis); (ii) R. sputi sp. nov.; (iii) R. rubropertinctus (synonym: G. rubropertincta); (iv) R. rhodochrous (synonym: G. rhodochroa); (v) R. aurantiacus (synonym: G. aurantiaca); (vi) R. lentifkagmentus (synonym: G. Zentifkagmenta);
The so-called "rhodochrous" organisms were described by Gordon and Mihm (8) , who differentiated some strains received as nocardiae from others and named Mycobacterium rhodochrous. Later Gordon (7) regarded this organism as an intermediate between Myco bacterium and Nocardia. Tsukamura (14) isolated a number of slightly acid-fast organisms from sputa of patients and soils, and stated that they form a genus, Gordona. The genus was considered to occupy an adjacent taxonomic position to the genus Nocardia. M. rhodochrous ATCC 13808, which previously had been named R. rhodochrous, was included in this new genus. Thereafter, other strains received as M. rhodochrous, too, were included in this genus (15). The majority of the strains formed a species, G. rhodochroa, and a few other strains formed a species, G. rubropertincta, together with strains of G. rubra, a species previously described. G. rubra was renamed G. rubropertincta to conform to the rules of nomenclature. At that time, the following species were described: G. bronchialis (14) ; G. rubropertincta (synonym G. rubra) (15); G. terrae (14) ; G. rosea (15) ; G. rhodochroa (15) ; G. aurantiaca (19) ; G. lentifragmenta (20) . Independently of these studies, Goodfellow and his associates (4, 5) reported that M. rhodochrous was differentiated from nocardiae and from rapidly growing mycobacteria. The rhodochrous taxon was considered to be distinguished from the genera Myco bacterium and Nocardia and to form a genus (6).
More recently, a number of strains considered to belong to the genus Gordona were isolated from sputa of patients with pulmonary disease. In an attempt to define the genus Gordona more accurately, a numerical classification using the recent isolates was carried out in the present study.
An appropriate name for the genus Gordona was considered to be Rhodococcus Zopf, as the type strain of R. rhodochrous Zopf (21) was contained in the genus (16). However, the generic name Gordona was tentatively used in the following studies, as the genus Gordona was the first name used for bringing this taxon up to its present form. Recently a similar proposal was made by Bousfield and Goodfellow (2) , and, therefore, the generic name Gordona has been changed to Rhodococcus in the present study.
MATERIALS AND METHODS
A total of 177 strains of Rhodococcus (formerly Gordona), Nocardia, and Mycobacterium were studied. Of these, 61 strains shown in Table 1 were used as reference strains, and the remaining 116 strains were isolated recently in this laboratory from sputa of patients with cavitary pulmonary tuberculosis or bronchiectasis. All 116 strains were considered to belong to the taxon Rhodococcus, as they showed common characters of the Rhodococcus that are shown below.
Numerical classification was carried out by two methods: the first (method I) used a total of 109 characters ( Table 2 ) and the second (method 11) used a total of 98 characters. In method 11, the following were omitted from the set of characters of method I: acid from galactose, arabinose, xylose, rhamnose, trehalose, inositol, mannitol, and sorbitol; L-methionine as the N source; isonicotinamide as the N source; succinamide as the N source. Eight of these 11 characters were omitted because acid formation from carbohydrates may have a close correlation with the utilization of these carbohydrates as C source.
References to the tests were given in two previous papers (12, 18).
Numerical classification was carried out as follows.
The results were recorded as + or -, and the matching coefficient (M-value) was calculated by the following equation: M(%) = [n,/(n, + nd)] x 10036, where n, is the number of characters that give the same results between two strains, and n d is the number of characters that give different results. The computer used was an IBM-S370 model 135 located in the Nagoya Factory of the Sumitomo Machinery Co., Obu, Aichi, Japan. The program (G90002) is written in English (COBOL). The complete sets of data have been deposited with the WFCC World Data Center for Microorganisms, Department of Microbiology, University of Queensland, Brisbane, Australia. The results of the numerical classification are shown as dendrograms, which were prepared by the singlelinkage method (11).
Four characters showed positive matches for all strains: gram-positiveness; growth at 37°C; growth on the TCH medium; growth on salicylate-Ogawa egg medium. Four characters showed negative matches for all strains: growth at 52°C; salicylamidase; succinamidase; utilization of benzamide as simultaneous N and C sources. Accordingly, the number of characters effective for differentiating the test strains were 101 and 90 in methods I and 11, respectively.
RESULTS
Method I. The dendrogram ( Fig. 1 to 3 ) showed the following 12 clusters at the 93% level: Method II. The dendrogram ( Fig. 4 to 6) showed 14 clusters at the 92% level (C and F at the 94% level), Of these, 12 were the same as shown in method I, and the other two clusters (M and N) appeared to be new. Hence, the clusters not encountered previously were B, E, J, M, and N. The number of strains forming the clusters was similar in both methods, except for the cluster B, which was composed of 25 strains in method I and 16 strains in method 11. The unnamed clusters were considered to belong to new species. Only cluster B was named R. sputi sp. nov. Tsukamura. The range of the taxon Rhodococcus was considered to be a large cluster delineated by the 88 or 89% levels in methods I and 11, respectively.
Characters useful for distinguishing the clusters are shown in Table 3 .
The common characters of the Rhodococcus (formerly Gordona) organisms are as follows: gram positive; usually slightly acid fast; mycelium not formed; occur as short rods or coccoids; form rough, pinkish, reddish, brownish, or orange-pigmented colonies on egg media; pigmentation of colonies enhanced by light exposure; grow after 3 days on egg media and Sauton agar; grow at 28 and 37°C but do not grow at 45°C; grow on Ogawa egg medium containing 0.2% sodium p-aminosalicylate (PAS); grow on Ogawa egg medium containing 0.5 mg of sodium salicylate per ml; grow on Ogawa egg medium containing 0.25 mg of NHzOH. HC1 per ml; grow on Sauton agar containing 0.2% picric acid; grow on Sauton agar containing 0.1% NaN02; PAS and salicylate not degraded; arylsulfatase negative; utilize L-glutamate but do not utilize benzamide and trimethylene diamine as simultaneous N and C sources; utilize glycerol, glucose, mannose, fructose, sucrose, n-propanol, acetate, succinate, malate, and pyruvate as sole C sources in the presence of ammoniacal nitrogen; do not utilize arabinose and xylose as sole C sources and do not form acid from these pentoses; utilize L-serine, L-methionine, and pyrazinamide as sole N sources in the presence of glycerol carbon; pgalactoside negative.
Description of Rhodococcus sputi sp. nov, Tsukamura. Characters useful for distinguishing this species from others are as follows. This species without exception does not grow on Sauton agar containing 0.1% NaN02; does not grow on Sauton agar containing 0.1% sodium salicylate; grows on Ogawa egg medium containing 0.5 
DISCUSSION
Previously, G. rubropertincta, G. terrae, and G. rosea (now R. rubropertinctus, R. terrae, and R. roseus, respectively) were regarded as different species, although they together were part of a large common cluster (15, 16) . In contrast to this, the results of the present study showed that these three taxa can be combined into one species, namely R. rubropertinctus, and that R. terrae and R. roseus should be reduced to varieties of the species R. rubropertinctus. This lumping occurred probably because three enzyme tests, P-galactosidase, catalase, and acid phosphatase tests, which were not used in previous studies, were used in the present study and gave the same reactions for these taxa.
The type strain of Jensenia canicruria (no. 6618) was included to the Rhodococcus cluster at the 88% (method I) or 89% (method 11) level.
Strains received as N. rubra from M. Ridell belonged to a cluster different from that of R. lentifragmentus (formerly G. Zentifiagmenta) which had been named N. rubra (13,20). Ridell's N. rubra strains also were considered to belong to a species of the genus Rhodococcus. Ridell (10) reported previously that these strains and M. rhodochrous strains revealed a close serolog- . 1. Dendrogram (method I) bronchialis); (B) , , , , , , , , , , , , , , , , , , , , , , , , , , 
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FIG. 2. Dendrogram (method I). (C) Rhodococcus rubropertinctus (formerly Gordona rubropertincta); (D) R. aurantiacus (formerly G. aurantiaca).
By method I, three hitherto unnamed clusters could be found, whereas by method 11, five new clusters could be found. Except for these differences, two methods of the numerical classification gave similar clusters. Method I contains eight characters of acid formation from carbohydrates which probably have the same signifL cance as the tests for the utilization of the same carbohydrates. Therefore, method I1 is regarded as more appropriate. However, both methods gave similar results as a whole. This means that the use of a large number of characters as used in the present study can weaken the influence of linked characters. Furthermore, it is noteworthy that method 11, despite its fewer characters, has given more clusters. It is suggested that a greater number of characters is not always advantageous, and that inclusion of characters with similar significance renders obscure some clusters.
It should be emphasized that the characters for numerical classification have to be unrelated to each other. Problem of nomenclature. In 1971, Tsukamura (14) proposed to create a genus Gordona for slightly acid-fast organisms isolated from sputa of patients and soils. At that time, he showed that the type strain of R. rhodochrous ATCC 13808 was contained in the genus, although it did not belong to any existing species. Soon thereafter, Goodfellow and his associates (4,5) showed that the rhodochrous complex was differentiated from mycobacteria and nocardia. Tsukamura (15, 16) reported that a number of strains of the rhodochrous complex were included in the genus Gordona. He considered Rhodococcus to be an appropriate name for this genus (16). However, the name Gordona was used successively to avoid confusion in nomen- 
FIG. 3. Dendrogram (method I). (F) Rhodococcus rhodochrous (formerly Gordona rhodochroa); (G) Nocardia rubra (Ridell); (H) R. lentifhagmentus (formerly G. lentifhagmenta); (I) N. asteroides; (K) N. farcinica; (L)
FIG. 5. Dendrogram (method II). (C) Rhodoccus rubropertinctus (formerly Gordona rubropertincta); (0) R. aurantiacus (formerly G. aurantiaca); (F) R. rhodochrous (formerly G. rhodochroa).
rhodochrous complex should be regarded as a genus and its generic name should be Rhodococcus. Their proposal agrees with a previous proposal of the present author (16) . In consideration of these agreements, it is now the time to change the generic name form Grodona to Rhodococ-
The relationship between the genus Gordona and the rhodochrous complex is troublesome. Alshamaony et al. (1) reported that the mycolic acids from the Gordona strains formed a group intermediate in size between nocardomycolic acids and mycolic acids sensu stricto, and they regarded Gordona as a different taxon from the cus.
taxa Mycobacterium, rhodochrous, and Nocardia. Mordarski et al. (9) reported that the values for deoxyribonucleic acid (DNA) relatedness between the taxon Gordona and the taxon rhodochrous were comparatively low. However, conclusions of Tsukamura (14, 17) and Alshamaony et al. (1) agree in that they regard Gordona as a taxon more closely related to Nocardia than to Mycobacterium. The findings of Alshamaony et al. (1) and Mordarski et al. (9) show that Gordona sensu stricta and the rhodochrous complex have some differences. If one regards, however, these differences as those within a genus, one would be able to regard 1. 6. Dendrogram (method II) 
. (G) Nocardia rubra (Ridell); (H) Rhodococcus lentifragmentus (formerly
